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Abstract — The effect of thermal cycling on bond strength and residual stress at the interface between benzocyclobutene (BCB)
and plasma enhanced chemical vapor deposited (PECVD) silicon dioxide (SiO,) coated silicon wafers were evaluated
by four point bending and wafer curvature techniques. Wafers were bonded using a pre-established baseline process.
Thermal cycling was done between room temperature and a maximum peak temperature. In thermal cycling performed
with 350 and 400 °C peak temperature, the bond strength increased substantially during the first thermal cycle. The
increase in bond strength is attributed to the relaxation in residual stress by the condensation reaction of the PECVD
Si0O,: this relaxation leads to increases in deformation energy due to residual stress and bond strength.
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Fig. 1. Beam specimen configurations and critical adhesion energy
for 1, 5, and 10 thermal cycles at peak cycle temperature of 350,
400 and 450 °C. BCB layer is sandwiched by PECVD oxide
coated silicon wafers.
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Table 1. Bond strength dependence of number of cycles and peak temperatures for Si/ SiO,/ AP/ BCB/ AP/ SiO,/ Si

Before cycling 350°C 400 °C 450 °C
n  G,(J/m®) SD.(J/m?  Cycles n G,(J/m? SD.(J/m?  Cycles n  G,(J/m?) SD.(J/m?  Cycles n  G,(J/m?
1 4 36 1.8 1 4 41 2.7 1 3 <0.5
6 31 1.7 5 4 37 2.1 5 4 41 23 5 3 <0.5
10 4 37 23 10 4 42 2 10 3 <0.5

n is the number of samples
G, is the mean value of critical adhesion energy
S.D. is the standard deviation of G,
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Fig. 2. Geometry of stacked layers and temperature dependence of
residual stress on the stacked layers during the first and sec-
ond thermal cycling: (a) peak temperature of 350 °C and (b)
peak temperature of 400 °C.
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Fig. 3. Geometry of PECVD oxide on silicon wafer and temperature
dependence of residual stress during the first and second ther-
mal cycling: (a) peak temperature of 350 °C and (b) peak tem-
perature of 400 °C.

'y
o

R N
E_

50 100 150 200 250 300 350 400
Temperature (°C)

w
o

Residual Stress (MPa)
s 8

o

BCB glue (~3pm)

A (a)
Si wafer “

—_ 1 !
g 40
= [ o
@ 30 =
] o,
% 20 NO
2 . [
2 10 ."".% =
7]
& o e |

50 100 150 200 250 300 350 400
Temperature (°C)

(b)

Fig. 4. Geometry of BCB on silicon wafer and temperature depen-
dence of residual stress during the first and second thermal
cycling: (a) peak temperature of 350 °C and (b) peak temper-
ature of 400 °C.
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(b) After deposition, inclusion of the double OH groups results
in compression. (c) After thermal cycling, the Si-to-Si distance
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Fig. 6. FTIR absorbance spectra for PECVD oxide layer deposited
on silicon wafer after deposition, after the second thermal
cycling with peak temperature of 350 °C, and after the second
thermal cycling with peak temperature of 400 °C: (a) FTIR
traces over the entire wavelength range (400-4,000 cm™), (b)
FTIR traces showing changes in peaks of siloxane bond and
(¢) FTIR traces showing change in peak of silanol bond.
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